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•¨³¨Î¥¸± Ö ¨¤¥´É¨Ë¨± Í¨Ö Ô²¥³¥´É  Db ± ± ¶·µ¤Ê±É  · ¸¶ ¤  Ô²¥³¥´É  115,
µ¡· §ÊÕÐ¥£µ¸Ö ¢ ·¥ ±Í¨¨ 48Ca + 243Am

	·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É  ¶µ Ì¨³¨Î¥¸±µ° ¨¤¥´É¨Ë¨± Í¨¨ Db Å ±µ´¥Î-
´µ£µ ¶·µ¤Ê±É  Í¥¶µÎ±¨ α-· ¸¶ ¤µ¢ ¨§µÉµ¶  115-£µ Ô²¥³¥´É , µ¡· §ÊÕÐ¥£µ¸Ö ¢ ·¥ ±Í¨¨
243Am (48Ca, 3n) 288115. Œ¨Ï¥´Ó ¨§ 243Am (1,2 ³£/¸³2) µ¡²ÊÎ ² ¸Ó ¶ÊÎ±µ³ 3,4 · 1018 ¨µ-
´µ¢ 48Ca ¸ Ô´¥·£¨¥° 247 ŒÔ‚ ´  ¸¥·¥¤¨´¥ ¸²µÖ ³¨Ï¥´¨. 	·µ¤Ê±ÉÒ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¸µ¡¨· ²¨¸Ó
¢ ¶µ¢¥·Ì´µ¸É´µ³ ¸²µ¥ ³¥¤´µ£µ ¸¡µ·´¨± , ±µÉµ·Ò° ¶µ¸²¥ ¸´ÖÉ¨Ö ´  Éµ± ·´µ³ ¸É ´±¥ · ¸É¢µ·Ö²¨
¢ ±µ´Í¥´É·¨·µ¢ ´´µ° HNO3. �²¥³¥´ÉÒ 5-° £·Ê¶¶Ò ¸µ·¡¨·µ¢ ²¨¸Ó ´  ± É¨µ´µµ¡³¥´´µ° ¸³µ²¥
Dowex 50×8 ¸ ¶µ¸²¥¤ÊÕÐ¥° ¨Ì ¤¥¸µ·¡Í¨¥° 1 M · ¸É¢µ·µ³ HF, µ¡· §ÊÕÐ¥°  ´¨µ´´Ò¥ ËÉµ·±µ³-
¶²¥±¸Ò ¸ Ô²¥³¥´É ³¨ 5-° £·Ê¶¶Ò. �²Õ¥´É Ê¶ ·¨¢ ²¨ ´  ¶µ²¨ÔÉ¨²¥´µ¢µ° ¶²¥´±¥ (0,4 ³±³), ±µÉµ·ÊÕ
¶µ³¥Ð ²¨ ³¥¦¤Ê ¶ ·µ° ¶µ²Ê¶·µ¢µ¤´¨±µ¢ÒÌ ¤¥É¥±Éµ·µ¢, µ±·Ê¦¥´´ÒÌ 3�¥-¸Î¥ÉÎ¨± ³¨ ¤²Ö ·¥£¨¸É· -
Í¨¨ α-Î ¸É¨Í, µ¸±µ²±µ¢ ¤¥²¥´¨Ö ¨ ´¥°É·µ´µ¢. ‚ Ô±¸¶¥·¨³¥´É¥ ´ ¡²Õ¤ ²µ¸Ó 15 ¸µ¡ÒÉ¨° ¸¶µ´É ´-
´µ£µ ¤¥²¥´¨Ö ¸ T1/2 = 32+11

−7 Î, ±µÉµ·Ò¥ ³Ò µÉ´µ¸¨³ ± 268Db. ‘¥Î¥´¨¥ µ¡· §µ¢ ´¨Ö ¢ ·¥ ±Í¨¨
243Am+ 48Ca · ¢´µ 4,2+1,6

−1,2 ¶¡. 	µ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¸µ£² ¸ÊÕÉ¸Ö ¸ ·¥§Ê²ÓÉ É ³¨ Ô±¸¶¥·¨³¥´É 
¶µ ¸¨´É¥§Ê Ô²¥³¥´É  115 ´  £ §µ´ ¶µ²´¥´´µ³ ¸¥¶ · Éµ·¥ Ö¤¥· µÉ¤ Î¨, ¢ ±µÉµ·µ³ ¢¶¥·¢Ò¥ ´ ¡²Õ¤ ²¸Ö
¨§µÉµ¶ 268Db ¶µ¸²¥ 5 ¶µ¸²¥¤µ¢ É¥²Ó´ÒÌ α-· ¸¶ ¤µ¢ ³ É¥·¨´¸±µ£µ Ö¤· . ’ ±¨³ µ¡· §µ³, ¤ ´´Ò¥ ´ -
¸ÉµÖÐ¥£µ Ô±¸¶¥·¨³¥´É  Ö¢²ÖÕÉ¸Ö ´¥§ ¢¨¸¨³Ò³ ¤µ± § É¥²Ó¸É¢µ³ ¸¨´É¥§  115-£µ, · ¢´µ ± ± ¨ 113-£µ,
Ô²¥³¥´É  ¢ ·¥ ±Í¨¨ 243Am + 48Ca.

� ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �. ”²¥·µ¢  �ˆŸˆ.

	·¥¶·¨´É �¡Ñ¥¤¨´¥´´µ£µ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°. „Ê¡´ , 2004
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Dmitriev S. N. et al. P12-2004-159
Chemical Identiˇcation of Dubnium as a Decay Product of Element 115
Produced in the Reaction 48Ca + 243Am

The results of an experiment designed to identify 268Db as the terminal isotope in the α-decay chain
of element 115 produced via the 243Am (48Ca, 3n) 288115 reaction are presented. The 243Am target
was bombarded with a beam dose of 3.4 · 1018 48Ca projectiles at an energy of 247 MeV at the center of
the target. The reaction products were collected in the surface layer of a copper catcher block, which was
removed with a lathe and then dissolved in concentrated HNO3. The group-5 elements were separated
by sorption onto Dowex 50×8 cation-exchange resin with subsequent desorption using 1 M HF, which
forms anionic 
uoride complexes of group-5 elements. The eluent was evaporated onto a 0.4 µm thick
polyethylene foil that was placed between a pair of semiconductor detectors surrounded by 3�¥ neutron
counters for measurement of α particles, ˇssion fragments, and neutrons. In the course of the experiment,
we observed 15 spontaneous ˇssion events with T1/2 = 32+11

−7 h, which we attribute to 268Db. The

production cross section for the 243Am + 48Ca reaction was 4.2+1.6
−1.2 pb. These results agree with

the original element-115-synthesis experiment, where 268Db was ˇrst observed as the terminal isotope
following the ˇve consecutive α decays from the 288115 parent nucleus in the Dubna gas-ˇlled separator.
The data from the present experiment give independent evidence for the synthesis of element 115 as well
as element 113 via the 243Am + 48Ca reaction.

The investigation has been performed at the Flerov Laboratory of Nuclear Reactions, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2004
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‚ Ô±¸¶¥·¨³¥´É Ì [1Ä6], ¶·µ¢¥¤¥´´ÒÌ ¢ ‹ ¡µ· Éµ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨°
¨³. ƒ. �. ”²¥·µ¢  �ˆŸˆ ¢ É¥Î¥´¨¥ ¶µ¸²¥¤´¨Ì 5 ²¥É, ¡Ò²¨ ¸¨´É¥§¨·µ¢ ´Ò 17
¨§µÉµ¶µ¢ ´µ¢ÒÌ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢ 	¥·¨µ¤¨Î¥¸±µ° É ¡²¨ÍÒ „. ˆ. Œ¥´¤¥-
²¥¥¢  ¸  Éµ³´Ò³¨ ´µ³¥· ³¨ µÉ 112 ¤µ 118. „²Ö ¸¨´É¥§  ¸¢¥·ÌÉÖ¦¥²ÒÌ
Ô²¥³¥´Éµ¢ ¨¸¶µ²Ó§µ¢ ²¨¸Ó ·¥ ±Í¨¨ ¸²¨Ö´¨Ö Ö¤¥· Ê¸±µ·¥´´ÒÌ ¨µ´µ¢ 48Ca ¸
Ö¤· ³¨-³¨Ï¥´Ö³¨ 238U, 242,244Pu, 243Am, 245,248Cm ¨ 249Cf. Ÿ¤·  ¨§µÉµ¶µ¢
´µ¢ÒÌ Ô²¥³¥´Éµ¢ ¨¸¶ÒÉÒ¢ ÕÉ ¢ µ¸´µ¢´µ° ¤µ²¥ ¸²ÊÎ ¥¢ α-· ¸¶ ¤ (µ¤¨´ ¨²¨
´¥¸±µ²Ó±µ), ±µÉµ·Ò° ¶·¥·Ò¢ ¥É¸Ö ¸¶µ´É ´´Ò³ ¤¥²¥´¨¥³ (SF). 	¥·¨µ¤Ò ¶µ²Ê-
· ¸¶ ¤  ´µ¢ÒÌ ´Ê±²¨¤µ¢ ¸µ¸É ¢²ÖÕÉ µÉ 0,5 ³¸ ¤µ 0,5 ³¨´ ¢ § ¢¨¸¨³µ¸É¨ µÉ
Î¨¸²  ¶·µÉµ´µ¢ ¨ ´¥°É·µ´µ¢ ¢ ¸¨´É¥§¨·µ¢ ´´ÒÌ Ö¤· Ì. 	µ²ÊÎ¥´´Ò¥ ·¥§Ê²Ó-
É ÉÒ Ê± §Ò¢ ÕÉ ´  §´ Î¨É¥²Ó´µ¥ ¶µ¢ÒÏ¥´¨¥ ¸É ¡¨²Ó´µ¸É¨ ¨§µÉµ¶µ¢ ¸¢¥·Ì-
ÉÖ¦¥²ÒÌ Ô²¥³¥´Éµ¢ ¸ ·µ¸Éµ³ Î¨¸²  ´¥°É·µ´µ¢. 	µ ¸ÊÐ¥¸É¢Ê, µ´¨ Ö¢²ÖÕÉ¸Ö
¶¥·¢Ò³ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¶µ¤É¢¥·¦¤¥´¨¥³ É¥µ·¥É¨Î¥¸±¨Ì ¶·¥¤¸± § ´¨° µ
¸ÊÐ¥¸É¢µ¢ ´¨¨ ®µ¸É·µ¢µ¢ ¸É ¡¨²Ó´µ¸É¨¯ ¢ µ¡² ¸É¨ £¨¶µÉ¥É¨Î¥¸±¨Ì ¸¢¥·ÌÉÖ-
¦¥²ÒÌ Ô²¥³¥´Éµ¢.

‘¨´É¥§ ¢¸¥Ì ´µ¢ÒÌ ´Ê±²¨¤µ¢ ¡Ò² µ¸ÊÐ¥¸É¢²¥´ Ë¨§¨Î¥¸±¨³¨ ³¥Éµ¤ ³¨.
’µ´±¨¥ ³¨Ï¥´´Ò¥ ¸²µ¨ (∼ 0,3 ³£/¸³2) ¨§ ¢Ò¸µ±µµ¡µ£ Ð¥´´ÒÌ ¨§µÉµ¶µ¢  ±-
É¨´µ¨¤µ¢ µ¡²ÊÎ ²¨¸Ó ¶ÊÎ±µ³ 48Ca ¸É·µ£µ § ¤ ´´µ° Ô´¥·£¨¨. ‚Ò²¥É ÕÐ¨¥ ¨§
³¨Ï¥´¨ Ö¤·  µÉ¤ Î¨ µÉ¤¥²Ö²¨¸Ó ¸ ÔËË¥±É¨¢´µ¸ÉÓÕ µ±µ²µ 40 % µÉ ¨µ´µ¢ 48Ca
¨ ¶µ¡µÎ´ÒÌ ¶·µ¤Ê±Éµ¢ ·¥ ±Í¨¨ ¸ ¶µ³µÐÓÕ ±¨´¥³ É¨Î¥¸±µ£µ £ §µ´ ¶µ²´¥´-
´µ£µ ¸¥¶ · Éµ· , ´ ¸É·µ¥´´µ£µ ´  ¶·µ¶Ê¸± ´¨¥ ¶·µ¤Ê±Éµ¢ ·¥ ±Í¨¨ ¸²¨Ö´¨Ö.
� ¸¶ ¤ Ö¤¥· ·¥£¨¸É·¨·µ¢ ²¸Ö ¸ ¶µ³µÐÓÕ ¶µ§¨Í¨µ´´µ-ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ±·¥³-
´¨¥¢ÒÌ ¤¥É¥±Éµ·µ¢, · ¸¶µ²µ¦¥´´ÒÌ ¢ Ëµ± ²Ó´µ° ¶²µ¸±µ¸É¨ ¸¥¶ · Éµ· . Šµ·-
·¥²¨·µ¢ ´´Ò¥ · ¸¶ ¤Ò µÉ¤¥²Ó´ÒÌ  Éµ³µ¢ ¢ ¢¨¤¥ Í¥¶µÎ¥± ¶µ¸²¥¤µ¢ É¥²Ó´ÒÌ
α-· ¸¶ ¤µ¢ ¨ ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö (α − α − . . . α − SF), § ·¥£¨¸É·¨·µ¢ ´´Ò¥
¤¥É¥±Éµ· ³¨, µÉ´µ¸ÖÉ¸Ö ± ´¥¨§¢¥¸É´Ò³ ´Ê±²¨¤ ³. ˆ¤¥´É¨Ë¨± Í¨Ö ´Ê±²¨¤µ¢
µ¸´µ¢ ´  ´  ¸¢µ°¸É¢ Ì ¨Ì · ¤¨µ ±É¨¢´µ£µ · ¸¶ ¤  ¨ ³¥Ì ´¨§³  ·¥ ±Í¨¨, ¢
Î ¸É´µ¸É¨ ´  Ì · ±É¥·´µ° § ¢¨¸¨³µ¸É¨ ¢ÒÌµ¤  ¶·µ¤Ê±Éµ¢ ¨¸¶ ·¥´¨Ö ´¥°É·µ-
´µ¢ ¨§ ¢µ§¡Ê¦¤¥´´µ£µ ±µ³¶ Ê´¤-Ö¤· . „²Ö ¨¸¸²¥¤µ¢ ´¨Ö ÔÉ¨Ì § ¢¨¸¨³µ¸É¥°
´¥µ¡Ìµ¤¨³µ ¶·µ¢µ¤¨ÉÓ ¤²¨É¥²Ó´Ò¥ ¨§³¥·¥´¨Ö ¸¥Î¥´¨° µ¡· §µ¢ ´¨Ö ¨¸±µ³ÒÌ
Ö¤¥· ¶·¨ · §²¨Î´ÒÌ Ô´¥·£¨ÖÌ ¶ÊÎ±  ¨µ´µ¢ 48Ca.

‚³¥¸É¥ ¸ É¥³ µ¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨³ ³¥Éµ¤µ³  Éµ³´µ£µ ´µ³¥·  ± ±µ£µ-
²¨¡µ ¨§ ¨§µÉµ¶µ¢ ¢ ´ ¡²Õ¤ ¥³ÒÌ Í¥¶µÎ± Ì · ¸¶ ¤  ´¥ Éµ²Ó±µ ¶µ§¢µ²¨²µ ¡Ò
´ ¤¥¦´µ ¨¤¥´É¨Ë¨Í¨·µ¢ ÉÓ  Éµ³´Ò¥ ´µ³¥·  ¢¸¥Ì Ö¤¥· ¢ Í¥¶µÎ±¥, ´µ ¨ Ö¢¨-
²µ¸Ó ¡Ò ´¥§ ¢¨¸¨³Ò³ ¶µ¤É¢¥·¦¤¥´¨¥³ µÉ±·ÒÉ¨Ö ´µ¢µ£µ Ô²¥³¥´É  (Ô²¥³¥´Éµ¢).
’ ±µ° Ô±¸¶¥·¨³¥´É ¡Ò² ¶·¥¤²µ¦¥´ [7] ¤²Ö Ô²¥³¥´É  115.
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ˆ§µÉµ¶ 115-£µ Ô²¥³¥´É  ¸ ³ ¸¸µ¢Ò³ Î¨¸²µ³ 288 ¡Ò² ¸¨´É¥§¨·µ¢ ´ [6]
¢ ·¥ ±Í¨¨ 48Ca + 243Am → 288115 + 3n. �´ ¨¸¶ÒÉÒ¢ ¥É 5 ¶µ¸²¥¤µ¢ É¥²Ó-

´ÒÌ α-· ¸¶ ¤µ¢ (115 α−→ 113 α−→ 111 α−→ 109 α−→ 107 α−→ 105 SF−−→, ±µÉµ·Ò¥
µ± ´Î¨¢ ÕÉ¸Ö ¸¶µ´É ´´Ò³ ¤¥²¥´¨¥³ 268Db (·¨¸. 1).

�¨¸. 1. � ¸¶ ¤ ¨§µÉµ¶  Ô²¥³¥´É  115, ¸¨´É¥§¨-
·µ¢ ´´µ£µ ¢ ·¥ ±Í¨¨ 243Am+48Ca ¸ ¶µ³µÐÓÕ
£ §µ´ ¶µ²´¥´´µ£µ ¸¥¶ · Éµ·  Ö¤¥· µÉ¤ Î¨ [6]

‘Ê³³ ·´µ¥ ¢·¥³Ö ¶¥·¢ÒÌ 5
α-¶¥·¥Ìµ¤µ¢ ¸µ¸É ¢²Ö¥É µ±µ²µ
20 ¸. 	¥·¨µ¤ ¶µ²Ê· ¸¶ ¤  ±µ´¥Î-
´µ£µ Ö¤·  Å 268Db, µ¶·¥¤¥²¥´-
´Ò° ¶µ É·¥³ ´ ¡²Õ¤ ¥³Ò³ ¸µ¡Ò-
É¨Ö³, ¸µ¸É ¢²Ö¥É T1/2 = 16+19

−6 Î.
�¢Éµ· ³¨ [6] ´¥ ¨¸±²ÕÎ ²µ¸Ó,
ÎÉµ ´ ¡²Õ¤ ¥³µ¥ ¢ Ô±¸¶¥·¨³¥´-
É Ì ¸¶µ´É ´´µ¥ ¤¥²¥´¨¥ ´¥Î¥É´µ-
´¥Î¥É´µ£µ Ö¤·  268Db ³µ£²µ
¡ÒÉÓ µ¡Ê¸²µ¢²¥´µ ¥£µ Ô²¥±É·µ´-
´Ò³ § Ì¢ Éµ³ ¸ ¶µ¸²¥¤ÊÕÐ¨³
¡Ò¸É·Ò³ ¤¥²¥´¨¥³ Î¥É´µ-Î¥É´µ£µ
Ö¤·  268Rf (TSF ∼ 1,5 ¸). �Éµ
´¥ ³¥´Ö¥É § ±²ÕÎ¥´¨Ö µ Éµ³, ÎÉµ
§ ·¥£¨¸É·¨·µ¢ ´´Ò° ¢ Ô±¸¶¥·¨-
³¥´É¥ ¡µ²ÓÏµ° ¶¥·¨µ¤ ¸¶µ´É ´-
´µ£µ ¤¥²¥´¨Ö µ¶·¥¤¥²Ö¥É¸Ö · ¸¶ -
¤µ³ 268Db. ˆ§-§  ³ ²µ£µ Î¨¸² 
¸µ¡ÒÉ¨° ´¥ ¨¸±²ÕÎ ²µ¸Ó É ±¦¥,
ÎÉµ ¨§µÉµ¶ 268Db ³µ¦¥É ¢ µ¶·¥¤¥-
²¥´´µ° ¤µ²¥ ¸²ÊÎ ¥¢ ¨¸¶ÒÉÒ¢ ÉÓ
α-· ¸¶ ¤ ¸ ¶µ¸²¥¤ÊÕÐ¨³ ¸¶µ´-
É ´´Ò³ ¤¥²¥´¨¥³ 264Lr.

�¥¶µ¸·¥¤¸É¢¥´´µ ¨§µÉµ¶
268Db ¢ ·¥ ±Í¨¨ ¶¥·¥¤ Î¨ Ö¤·Ê-

³¨Ï¥´¨ 243Am ¨§ Ö¤·  48‘a 25 ´Ê±²µ´µ¢ (10 ¶·µÉµ´µ¢ ¨ 15 ´¥°É·µ´µ¢)
¶·¨ Ô´¥·£¨¨ ¢¡²¨§¨ ±Ê²µ´µ¢¸±µ£µ ¡ ·Ó¥·  µ¡· §µ¢ ÉÓ¸Ö ´¥ ³µ¦¥É [8]. ’µ-
£¤  µÉ´µ¸¨É¥²Ó´µ ¡µ²ÓÏµ¥ ¢·¥³Ö ¦¨§´¨ 268Db, ¢¥¸Ó³  Ì · ±É¥·´Ò° É¨¶ ¥£µ
· ¸¶ ¤  (¸¶µ´É ´´µ¥ ¤¥²¥´¨¥) ¶µ§¢µ²ÖÕÉ ´ ³ ¢¶¥·¢Ò¥ ¶µ¸É ¢¨ÉÓ Ô±¸¶¥·¨³¥´É
¶µ Ì¨³¨Î¥¸±µ° ¨¤¥´É¨Ë¨± Í¨¨ Db (Z = 105) ± ± ¶·µ¤Ê±É  · ¸¶ ¤  115-£µ
Ô²¥³¥´É , µ¡· §ÊÕÐ¥£µ¸Ö ¢ ·¥ ±Í¨¨ 48Ca + 243Am ¸ ¸¥Î¥´¨¥³ ¢¸¥£µ µ±µ²µ
3 ¶¡ (3 · 10−36 ¸³2).

1. Œ…’�„ˆŠ� ˆ ��‘’���‚Š� �Š‘�…�ˆŒ…�’�

‘µ£² ¸´µ Ô²¥±É·µ´´µ° ±µ´Ë¨£Ê· Í¨¨ ¢ µ¸´µ¢´µ³ ¸µ¸ÉµÖ´¨¨
([Rn]5d146p37s2) Db µÉ´µ¸¨É¸Ö ± Ô²¥³¥´É ³ 5-° £·Ê¶¶Ò 	¥·¨µ¤¨Î¥¸±µ° É -
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¡²¨ÍÒ, É. ¥. Ö¢²Ö¥É¸Ö ¡µ²¥¥ ÉÖ¦¥²Ò³ £µ³µ²µ£µ³ Nb ¨ Ta. “¸É ´µ¢²¥´µ [9],
ÎÉµ Db (¨¸¸²¥¤µ¢ ²µ¸Ó ¶µ¢¥¤¥´¨¥ 34-¸ 262Db) ¶µ¤µ¡´µ Nb ¨ Ta Ìµ·µÏµ ¸µ·-
¡¨·Ê¥É¸Ö ´  ¸É¥±²¥ ¨§ · ¸É¢µ·  ±µ´Í¥´É·¨·µ¢ ´´µ° HNO3. ‚ ¶·µÍ¥¸¸ Ì Ô±¸-
É· ±Í¨µ´´µ° Ì·µ³ Éµ£· Ë¨¨  ²¨Ë É¨Î¥¸±¨³¨  ³¨´ ³¨ ¨§ Ì²µ·¨¤´ÒÌ · ¸-
É¢µ·µ¢ [10] ¥£µ ¶µ¢¥¤¥´¨¥ ´ ¨¡µ²¥¥ ¡²¨§±µ ± ¶µ¢¥¤¥´¨Õ Nb ¨ µÉ²¨Î ¥É¸Ö µÉ
¶µ¢¥¤¥´¨Ö ’  ¨ �  (¶¸¥¢¤µ£µ³µ²µ£),   ¨§ ËÉµ·¨¤´ÒÌ · ¸É¢µ·µ¢ Å  ´ ²µ£¨Î´µ
¶µ¢¥¤¥´¨Õ Nb ¨ Ta ¨ µÉ²¨Î ¥É¸Ö µÉ ¶µ¢¥¤¥´¨Ö � . ‚ Í¥²µ³ ´ ¡²Õ¤ ¥É¸Ö
É¥µ·¥É¨Î¥¸±¨ ¶·¥¤¸± § ´´ Ö [11, 12] ¨´¢¥·¸¨Ö ¨§³¥´¥´¨Ö ¸¢µ°¸É¢ ¢ £·Ê¶¶¥
£µ³µ²µ£µ¢ ¶·¨ ¶¥·¥Ìµ¤¥ µÉ 5d- ± 6d-Ô²¥³¥´É ³. Š ± ¨ µ¦¨¤ ²µ¸Ó, Db ¶µ Ì¨-
³¨Î¥¸±¨³ ¸¢µ°¸É¢ ³ ´ ¨¡µ²¥¥ ¡²¨§µ± ´¥ ± ’ ,   ± Nb. ˆ¸¸²¥¤µ¢ ´¨Ö ²¥ÉÊÎ¨Ì
¡·µ³¨¤µ¢ ¨ Ì²µ·¨¤µ¢ Db É ±¦¥ ¶µ¤É¢¥·¦¤ ÕÉ ÔÉµ § ±²ÕÎ¥´¨¥ [13].

„²Ö Ì¨³¨Î¥¸±µ° ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥³¥´É  ´¥µ¡Ìµ¤¨³µ ¥£µ ¢Ò¤¥²¨ÉÓ ¶µ
£·Ê¶¶µ¢Ò³ ¶·¨§´ ± ³. 	µÔÉµ³Ê ³Ò · §· ¡µÉ ²¨ ¨ ¨¸¶µ²Ó§µ¢ ²¨ ¢ µ¶ÒÉ Ì
³¥Éµ¤¨±Ê ¸µ·¡Í¨µ´´µ£µ ¢Ò¤¥²¥´¨Ö Ô²¥³¥´Éµ¢ 5-° £·Ê¶¶Ò ¢ ¢¨¤¥  ´¨µ´´ÒÌ
ËÉµ·¨¤´ÒÌ ±µ³¶²¥±¸µ¢. “Î¨ÉÒ¢ Ö, ÎÉµ ¨´É¥·¥¸ÊÕÐ¨° ´ ¸ ¨§µÉµ¶ 105-£µ Ô²¥-
³¥´É  ¨¸¶ÒÉÒ¢ ¥É ¸¶µ´É ´´µ¥ ¤¥²¥´¨¥, µ¸µ¡µ¥ ¢´¨³ ´¨¥ Ê¤¥²Ö²µ¸Ó µÉ¤¥²¥´¨Õ
Ô²¥³¥´Éµ¢ 5-° £·Ê¶¶Ò µÉ  ±É¨´µ¨¤µ¢, ¨ ¶·¥¦¤¥ ¢¸¥£µ µÉ ¤µ²£µ¦¨¢ÊÐ¨Ì ¸¶µ´-
É ´´µ ¤¥²ÖÐ¨Ì¸Ö ¨§µÉµ¶µ¢ ± ²¨Ëµ·´¨Ö 252Cf (T1/2 = 2, 65 £µ¤ , SF Å 3,1 %)
¨ 254Cf (T1/2 = 60,5 ¸ÊÉ, SF Å 99,7 %). �É¤¥²¥´¨¥ µÉ  ±É¨´µ¨¤µ¢, ¨ ¢ Éµ³ Î¨-
¸²¥ µÉ ²µÊ·¥´¸¨Ö, µ¤´µ¢·¥³¥´´µ ¤ ¥É µÉ¢¥É ´  ¢µ¶·µ¸: ¨¸¶ÒÉÒ¢ ¥É ²¨ 268Db
¤µ¶µ²´¨É¥²Ó´Ò° α-· ¸¶ ¤ ¸ ¶µ¸²¥¤ÊÕÐ¨³ ¸¶µ´É ´´Ò³ ¤¥²¥´¨¥³ 264Lr.

�±¸¶¥·¨³¥´É ¡Ò² ¢Ò¶µ²´¥´ ´  Ê¸±µ·¨É¥²¥ ÉÖ¦¥²ÒÌ ¨µ´µ¢ “-400 ‹Ÿ�
�ˆŸˆ ¢ ¨Õ´¥ 2004 £. 	·¨´Í¨¶¨ ²Ó´ Ö ¸Ì¥³  µ¡²ÊÎ¥´¨Ö ¶µ± § ´  ´  ·¨¸. 2.

�¨¸. 2. ‘Ì¥³  µ¶ÒÉ 

Œ¨Ï¥´Ó ¢ ¢¨¤¥ ¢· Ð ÕÐ¥£µ¸Ö ¤¨¸±  ¨§ Éµ´±µ° (1,5 ³±³) É¨É ´µ¢µ°
Ëµ²Ó£¨ µ¡Ð¥° ¶²µÐ ¤ÓÕ 32 ¸³2 ¸ ´ ´¥¸¥´´Ò³ ´  ´¥¥ 243Am (99,9 %) ¢ ¢¨¤¥
µ±¸¨¤  Éµ²Ð¨´µ° 1,2 ³£/¸³2 (¶µ 243Am) µ¡²ÊÎ ² ¸Ó ¨µ´ ³¨ 48Ca ¸ Ô´¥·£¨¥°
247 ŒÔ‚ (§´ Î¥´¨¥ Ô´¥·£¨¨ ¤ ´µ ´  ¸¥·¥¤¨´¥ ¸²µÖ ³¨Ï¥´¨). �¡²ÊÎ ¥³ Ö
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¶²µÐ ¤Ó ³¨Ï¥´¨ µ£· ´¨Î¨¢ ² ¸Ó ±µ²²¨³ Éµ·µ³ ¤¨ ³¥É·µ³ 10 ³³. ‘·¥¤´ÖÖ
¨´É¥´¸¨¢´µ¸ÉÓ ¶ÊÎ±  ¨µ´µ¢, ¶ ¤ ÕÐ¨Ì ´  ³¨Ï¥´Ó, ¸µ¸É ¢²Ö²  5 · 1012 ¸−1.
Ÿ¤·  µÉ¤ Î¨ Å ¶·µ¤Ê±ÉÒ ·¥ ±Í¨¨, ¢Ò²¥É ÕÐ¨¥ ¨§ ³¨Ï¥´¨, Å ¶·µÌµ¤¨²¨
Î¥·¥§ ¢Éµ·µ° ±µ²²¨³ Éµ· ¤¨ ³¥É·µ³ 12 ³³, Ê¸É ´µ¢²¥´´Ò° ´  · ¸¸ÉµÖ´¨¨
10 ³³ §  ³¨Ï¥´ÓÕ, ¨ µ¸É ´ ¢²¨¢ ²¨¸Ó ¢ ³¥¤´µ³ ¸¡µ·´¨±¥. ‘¡µ·´¨± Ö¤¥· µÉ-
¤ Î¨ ¤¨ ³¥É·µ³ 50 ³³ ¡Ò² Ê¸É ´µ¢²¥´ ´  · ¸¸ÉµÖ´¨¨ 100 ³³ µÉ ³¨Ï¥´¨ ¶µ
µ¸¨ ¶ÊÎ± . 	·µ¤Ê±ÉÒ ·¥ ±Í¨¨ ¸²¨Ö´¨Ö Ö¤¥· 243Am ¨ 48Ca, ¢ ¤ ´´µ° £¥µ³¥-
É·¨¨ µ¶ÒÉ  (Ê£µ² § Ì¢ É  ±12,5◦), ¶µ¶ ¤ ÕÉ ´  ¸¡µ·´¨± ¸ ÔËË¥±É¨¢´µ¸ÉÓÕ,
¡²¨§±µ° ± 100 %. 	·µ¡¥£ Ö¤¥· µÉ¤ Î¨ ¢ ³ É¥·¨ ²¥ ¸¡µ·´¨±  ´¥ ¶·¥¢ÒÏ ²
3Ä4 ³±³.

‚¸¥£µ ¡Ò²µ ¶·µ¢¥¤¥´µ 8 ¨¤¥´É¨Î´ÒÌ µ¶ÒÉµ¢. ‚·¥³Ö µ¡²ÊÎ¥´¨Ö ¢ ± ¦¤µ³
µ¶ÒÉ¥ ¸µ¸É ¢²Ö²µ µÉ 20 ¤µ 45 Î.

‚ ± ¦¤µ³ µ¶ÒÉ¥ ¶µ µ±µ´Î ´¨¨ µ¡²ÊÎ¥´¨Ö ¸¡µ·´¨± Ö¤¥· µÉ¤ Î¨ ¶¥·¥´µ-
¸¨²¸Ö ¢ · ¤¨µÌ¨³¨Î¥¸±ÊÕ ² ¡µ· Éµ·¨Õ. 	µ¢¥·Ì´µ¸ÉÓ ¸¡µ·´¨±  ÉÐ É¥²Ó´µ
µÎ¨Ð ² ¸Ó µÉ  Ô·µ§µ²Ó´ÒÌ Î ¸É¨Í, ¸µ¤¥·¦ Ð¨Ì 243Am, § É¥³ ¸ ¶µ³µÐÓÕ ³¨-
±·µÉµ± ·´µ£µ ¸É ´±  ³¥Ì ´¨Î¥¸±¨ ¸·¥§ ²¸Ö ¢¥·Ì´¨° ¸²µ° Éµ²Ð¨´µ° 7Ä10 ³±³
(120Ä180 ³£ ‘u). Œ¥¤´ Ö ¸É·Ê¦±  · ¸É¢µ·Ö² ¸Ó ¢ 10 ³² ±µ´Í¥´É·¨·µ¢ ´-
´µ° HNO3. 	µ²ÊÎ¥´´Ò°  §µÉ´µ±¨¸²Ò° · ¸É¢µ· ¶·¥¤¸É ¢²Ö² ¸µ¡µ° ¸²µ¦´ÊÕ
³´µ£µ±µ³¶µ´¥´É´ÊÕ ¸¨¸É¥³Ê ¸ ¢Ò¸µ±¨³ ¸µ¤¥·¦ ´¨¥³ ³¥¤¨ (³ É¥·¨ ² ¸¡µ·-
´¨± ),   É ±¦¥ ¸µ¤¥·¦ ÐÊÕ ¶·µ¤Ê±ÉÒ ·¥ ±Í¨¨ 48Ca + Cu, ¨³¶² ´É¨·µ¢ ´´Ò¥
¢ ¸¡µ·´¨± µ¸±µ²±¨ ¤¥²¥´¨Ö 243Am ¨ ¶·µ¤Ê±ÉÒ ·¥ ±Í¨° ¶¥·¥¤ Î · §²¨Î´µ£µ
Î¨¸²  ´Ê±²µ´µ¢ µÉ Ö¤· -¨µ´  48Ca Ö¤·Ê-³¨Ï¥´¨ 243Am, ¢±²ÕÎ Ö ¤µ²£µ¦¨¢Ê-
Ð¨¥ ¸¶µ´É ´´µ ¤¥²ÖÐ¨¥¸Ö ¨§µÉµ¶Ò 252Cf ¨ 254Cf. „²Ö ¸¶¥±É·µ³¥É·¨Î¥¸±µ£µ
±µ´É·µ²Ö ¶·µÍ¥¤Ê·Ò ¢Ò¤¥²¥´¨Ö Ô²¥³¥´Éµ¢ 5-° £·Ê¶¶Ò ¨  ±É¨´µ¨¤µ¢ ¢ · ¸É¢µ·
¢´µ¸¨²¨¸Ó  ²¨±¢µÉÒ ´¨É· Éµ¢ · ¤¨µ´Ê±²¨¤µ¢ 92mNb (T1/2 = 10,15 ¸ÊÉ), 177Ta
(T1/2 = 56,6 Î), 169Yb (T1/2 = 32 ¸ÊÉ) ¨ 167Tm (T1/2 = 9,25 ¸ÊÉ).

‚Ò¤¥²¥´¨¥ Ô²¥³¥´Éµ¢ 5-° £·Ê¶¶Ò ¨§  §µÉ´µ±¨¸²µ£µ · ¸É¢µ·  ¶·µ¢µ¤¨²µ¸Ó
¶µ ¸Ì¥³¥ [14], ¢±²ÕÎ ÕÐ¥° ¸²¥¤ÊÕÐ¨¥ µ¸´µ¢´Ò¥ ¸É ¤¨¨:

Å �É¤¥²¥´¨¥ ¶·µ¤Ê±Éµ¢ ·¥ ±Í¨° µÉ ³ ±·µ±µ³¶µ´¥´É  Å ³¥¤¨ ¶ÊÉ¥³
¨Ì ±µ²¨Î¥¸É¢¥´´µ£µ ¸µµ¸ ¦¤¥´¨Ö ¸ £¨¤·µ±¸¨¤µ³ La ¶·¨ pH = 7 ¢  ³³¨ Î-
´µ° ¸·¥¤¥; ³¥¤Ó ¢ ¢¨¤¥  ³³¨ Î´µ£µ ±µ³¶²¥±¸  µ¸É ¢ ² ¸Ó ¢ · ¸É¢µ·¥. „²Ö
¶·¨£µÉµ¢²¥´¨Ö ´  ±µ´¥Î´µ° ¸É ¤¨¨ Éµ´±¨Ì ¨¸ÉµÎ´¨±µ¢ ¸ ³¨´¨³ ²Ó´Ò³ ¸µ-
¤¥·¦ ´¨¥³ ¡ ²² ¸É´µ£µ ³ É¥·¨ ²  µ¶¥· Í¨Õ ¸µµ¸ ¦¤¥´¨Ö ¶µ¢Éµ·Ö²¨ ¤¢ ¦¤Ò.
	µ²ÊÎ¥´´Ò° µ¸ ¤µ± · ¸É¢µ·Ö²¨ ¢ 2 M HNO3.

Å �É¤¥²¥´¨¥ Ô²¥³¥´Éµ¢ 5-° £·Ê¶¶Ò µÉ ² ´É ´  ¨  ±É¨´µ¨¤µ¢ ¶ÊÉ¥³ ¨Ì
¸µ·¡Í¨¨ ¨§  §µÉ´µ±¨¸²µ£µ · ¸É¢µ·  ´  ± É¨µ´µµ¡³¥´´µ° ¸³µ²¥ Dowex 50×8
¸ ¶µ¸²¥¤ÊÕÐ¥° ¤¥¸µ·¡Í¨¥° Ô²¥³¥´Éµ¢ 5-° £·Ê¶¶Ò ¢ ¢¨¤¥  ´¨µ´´ÒÌ ËÉµ·±µ³-
¶²¥±¸µ¢ 2 ³² 1 M · ¸É¢µ·  HF. 	µ²ÊÎ¥´´Ò° · ¸É¢µ· Ê¶ ·¨¢ ²¨ ¤µ 0,1 ³².

Å 	·¨£µÉµ¢²¥´¨¥ Éµ´±¨Ì ¨¸ÉµÎ´¨±µ¢ (· ¡µÎ¨Ì µ¡· §Íµ¢) ¤²Ö ¨§³¥·¥´¨°
¶ÊÉ¥³ ´ ´¥¸¥´¨Ö · ¸É¢µ·  ¸ ¶µ³µÐÓÕ ± ¶¨²²Ö·  ´  ¶µ¤²µ¦±Ê ¨§ ¶µ²¨ÔÉ¨²¥-
´µ¢µ° ¶²¥´±¨ ¢ ¢¨¤¥ ¤¨¸±  ¤¨ ³¥É·µ³ 15 ³³ ¨ Éµ²Ð¨´µ° 0,4 ³±³ ¸ ¶µ¸²¥¤Ê-
ÕÐ¨³ ¨¸¶ ·¥´¨¥³ ¢ ¸É·Ê¥ £µ·ÖÎ¥£µ £¥²¨Ö.
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‚ ¶·¥¤¢ ·¨É¥²Ó´ÒÌ µ¶ÒÉ Ì ¸ ´¥µ¡²ÊÎ¥´´Ò³¨ ³¥¤´Ò³¨ ¸¡µ·´¨± ³¨ ¨ ¢¢¥-
¤¥´´Ò³¨ ¢ · ¸É¢µ· · ¤¨µ´Ê±²¨¤ ³¨ 92mNb, 177Ta, 167Tm ¨ 169Yb ¡Ò²µ ¶µ± -
§ ´µ, ÎÉµ ÔÉµÉ ³¥Éµ¤ ¸ ÔËË¥±É¨¢´µ¸ÉÓÕ 90 % ¢Ò¤¥²Ö¥É Ô²¥³¥´ÉÒ 5-° £·Ê¶¶Ò
¸ ±µÔËË¨Í¨¥´Éµ³ · §¤¥²¥´¨Ö µÉ ² ´É ´µ¨¤µ¢ ∼ 105. ‚ Ô±¸¶¥·¨³¥´É Ì ¸ µ¡-
²ÊÎ¥´´Ò³¨ ¸¡µ·´¨± ³¨, ¶µ ¤ ´´Ò³ ¸¶¥±É·µ³¥É·¨Î¥¸±¨Ì ¨§³¥·¥´¨° · ¡µÎ¨Ì
µ¡· §Íµ¢, ¨§µÉµ¶Ò 92mNb ¨ 177Ta ¡Ò²¨ ¢Ò¤¥²¥´Ò ¸ ÔËË¥±É¨¢´µ¸ÉÓÕ 85± 5 ¨
75±5 % ¸µµÉ¢¥É¸É¢¥´´µ ¶·¨ ±µÔËË¨Í¨¥´É¥ µÉ¤¥²¥´¨Ö µÉ  ±É¨´µ¨¤µ¢ � 8 ·103

(µÍ¥´±  ¤ ´  ¶µ ¶·¥¤¥²Ê µ¶·¥¤¥²¥´¨Ö ¸µ¤¥·¦ ´¨Ö ¨§µÉµ¶  169Yb ¢ · ¡µÎ¨Ì
µ¡· §Í Ì).

‚ Í¥²µ³ ¢¸Ö Ì¨³¨Î¥¸± Ö ¶·µÍ¥¤Ê· , µÉ ±µ´Í  µ¡²ÊÎ¥´¨Ö ¤µ ´ Î ²  ¨§-
³¥·¥´¨Ö ´  ¤¥É¥±Éµ· Ì, § ´¨³ ²  2Ä3 Î. ‚ ÔÉµ³ ·¥¦¨³¥ · ¡µÉÒ ³Ò ³µ£²¨
· ¸¸Î¨ÉÒ¢ ÉÓ ´  ÔËË¥±É¨¢´ÊÕ ·¥£¨¸É· Í¨Õ  Éµ³µ¢ ¸ ¶¥·¨µ¤µ³ ¶µ²Ê· ¸¶ ¤ 
T1/2 � 10 Î.

„²Ö ·¥£¨¸É· Í¨¨ α-Î ¸É¨Í ¨ µ¸±µ²±µ¢ ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö ¨¸¶µ²Ó§µ-
¢ ²¸Ö ¤¥É¥±É¨·ÊÕÐ¨° ³µ¤Ê²Ó, ¸µ¸ÉµÖÐ¨° ¨§ Î¥ÉÒ·¥Ì ¨¤¥´É¨Î´ÒÌ ± ³¥· ¸
¤¢Ê³Ö ¶µ²Ê¶·µ¢µ¤´¨±µ¢Ò³¨ ¤¥É¥±Éµ· ³¨ (		„) ¢ ± ¦¤µ°. 	µ²Ê¶·µ¢µ¤´¨±µ-
¢Ò¥ ¤¥É¥±Éµ·Ò ¶²µÐ ¤ÓÕ 6 ¸³2 ± ¦¤Ò° Ê¸É ´ ¢²¨¢ ²¨¸Ó ¢ ± ³¥· Ì ´ ¶·µ-
É¨¢ ¤·Ê£ ¤·Ê£  ¸ § §µ·µ³ 4 ³³. ‚ § §µ· ¶µ³¥Ð ² ¸Ó ± ¸¸¥É  ¸ ¨¸¸²¥¤Ê¥³Ò³
µ¡· §Íµ³. ‚¸¥ ± ³¥·Ò ¶µ³¥Ð ²¨¸Ó ¢ ´¥°É·µ´´Ò° ¤¥É¥±Éµ·, ·¥£¨¸É·¨·ÊÕ-
Ð¨° ´¥°É·µ´Ò ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö. �¥°É·µ´´Ò° ¤¥É¥±Éµ· ¸µ¸ÉµÖ² ¨§ 72
3�¥-¸Î¥ÉÎ¨±µ¢ ¢ ¶µ²¨ÔÉ¨²¥´µ¢µ³ § ³¥¤²¨É¥²¥, · ¸¶µ²µ¦¥´´ÒÌ ¢ É·¨ ·Ö¤ 
´  · §²¨Î´µ³ · ¸¸ÉµÖ´¨¨ µÉ ± ³¥· ¸ µ¡· §Í ³¨. Š ²¨¡·µ¢±  ¤¥É¥±Éµ·´µ°
¸¡µ·±¨ ¶·µ¢µ¤¨² ¸Ó ¸ ¨¸ÉµÎ´¨± ³¨ 248Cm ¨ 252Cf. �ËË¥±É¨¢´µ¸ÉÓ ·¥£¨-
¸É· Í¨¨ µ¸±µ²±µ¢ ¤¥²¥´¨Ö 		„ ¸µ¸É ¢²Ö²  µ±µ²µ 90 %, ´¥°É·µ´µ¢ Å µ±µ²µ
40 %. 	·¨ ¨¸¶ÒÉ ´¨¨ ¤¥É¥±É¨·ÊÕÐ¥£µ ³µ¤Ê²Ö ¢ É¥Î¥´¨¥ 330 Î ¶¥·¥¤ ´ Î -
²µ³ Ô±¸¶¥·¨³¥´É  ´¥ ¡Ò²µ § ·¥£¨¸É·¨·µ¢ ´µ ´¨ µ¤´µ£µ Ëµ´µ¢µ£µ ¸µ¡ÒÉ¨Ö,
¨³¨É¨·ÊÕÐ¥£µ ¸¶µ´É ´´µ¥ ¤¥²¥´¨¥.

2. �…‡“‹œ’�’›

‚ 8 µ¶ÒÉ Ì ¶·¨ µ¡²ÊÎ¥´¨¨ ³¨Ï¥´¨ 243Am ¨µ´ ³¨ 48Ca (¸Ê³³ ·´Ò° ¶µ-
Éµ± ¨µ´µ¢ 3,4 ·1018) ¡Ò²µ § ·¥£¨¸É·¨·µ¢ ´µ 15 ¸µ¡ÒÉ¨° ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö.
ˆ§³¥·¥´¨Ö ¶·µ¢µ¤¨²¨¸Ó ¢ É¥Î¥´¨¥ 957 Î. ‚¸¥ 15 ¸µ¡ÒÉ¨° ¸¶µ´É ´´µ£µ ¤¥²¥-
´¨Ö ¡Ò²¨ § ·¥£¨¸É·¨·µ¢ ´Ò §  ¢·¥³¥´´µ° ¨´É¥·¢ ² 174 Î ¶µ¸²¥ ´ Î ²  ¨§³¥-
·¥´¨°. ‚ ¶µ¸²¥¤ÊÕÐ¨¥ 783 Î ´¥ ¡Ò²µ § ·¥£¨¸É·¨·µ¢ ´µ ´¨ µ¤´µ£µ ¸µ¡ÒÉ¨Ö
¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö. “¸²µ¢¨Ö µ¡²ÊÎ¥´¨Ö (¢·¥³Ö µ¡²ÊÎ¥´¨Ö ¨ ¶µÉµ± ¨µ´µ¢
48Ca ¢ ± ¦¤µ³ Í¨±²¥) ¨ ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¤²Ö ± ¦¤µ£µ µ¡· §Í  (Ô´¥·£¨Ö
µ¸±µ²±µ¢ ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö ¸ ÊÎ¥Éµ³ ¶µ£²µÐ¥´¨Ö ¢ Éµ²Ð¨´¥ ¸²µÖ ¨¸ÉµÎ-
´¨±µ¢ ¨ ¶µ¤²µ¦±¨, Î¨¸²µ ´¥°É·µ´µ¢, § ·¥£¨¸É·¨·µ¢ ´´ÒÌ 3�¥-¸Î¥ÉÎ¨± ³¨,
¤²Ö ± ¦¤µ£µ ¸µ¡ÒÉ¨Ö ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö ¨ ¢·¥³Ö ·¥£¨¸É· Í¨¨ ¸µ¡ÒÉ¨Ö µÉ
³µ³¥´É  ´ Î ²  ¨§³¥·¥´¨°) ¶·¨¢¥¤¥´Ò ¢ É ¡². 1. ˆ§ ¢·¥³¥´´µ£µ · ¸¶·¥¤¥-
²¥´¨Ö ¸µ¡ÒÉ¨° ¡Ò² µ¶·¥¤¥²¥´ ¶¥·¨µ¤ ¶µ²Ê· ¸¶ ¤  T1/2 = 32+11

−7 Î, ±µÉµ·Ò°
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’ ¡²¨Í  1. “¸²µ¢¨Ö ¨ ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É 

‚·¥³Ö 	µÉµ± �´¥·£¨¨ µ¸±µ²±µ¢ —¨¸²µ ´¥°É·µ´µ¢, ‚·¥³Ö
º µ¡²ÊÎ¥- 48Ca- ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö § ·¥£¨¸É·¨·µ¢ ´´ÒÌ ·¥£¨¸É-

´¨Ö, Î ¨µ´µ¢ E1/E2, ŒÔ‚ ¢ ± ¦¤µ³ ¸µ¡ÒÉ¨¨ · Í¨¨, Î
¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö

1 20 2,5 · 1017 120/126 2 20

2 22 3,7 · 1017 Å/86 1 74

3 131/124 1 15
22 3,4 · 1017 116/122 2 72

4 104/120 1 22
22 2,9 · 1017 97/125 1 29

100/128 1 51

5 117/118 2 6
108/107 3 9

38 6,7 · 1017 110/104 0 15
Å/76 2 68

6 23 3,9 · 1017 120/114 2 39

7 22 3,6 · 1017 Å Å Å

8 119/110 2 5
45 7,4 · 1017 118/105 2 93

65/58 3 174

¢ ¶·¥¤¥² Ì ¸É É¨¸É¨Î¥¸±¨Ì µÏ¨¡µ± ¸µ£² ¸Ê¥É¸Ö ¸ ·¥§Ê²ÓÉ É ³¨ Ë¨§¨Î¥¸±µ£µ
Ô±¸¶¥·¨³¥´É  (É ¡². 2).

	µ²´ Ö ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö µ¸±µ²±µ¢ (’Š…), µ¶·¥¤¥²¥´´ Ö ± ± ¸Ê³³ 
 ³¶²¨ÉÊ¤ ¸µ¢¶ ¤ ÕÐ¨Ì ¶µ ¢·¥³¥´¨ ¸¨£´ ²µ¢ ¸ µ¡µ¨Ì ¤¥É¥±Éµ·µ¢, ¸ ÊÎ¥-
Éµ³ ¶µ£²µÐ¥´¨Ö ¢ Éµ²Ð¨´¥ ¸²µÖ ¨¸ÉµÎ´¨±µ¢ ¨ ¶µ¤²µ¦±¨, ¸µ¸É ¢¨²  µ±µ²µ
235 ŒÔ‚. �ÉµÉ ·¥§Ê²ÓÉ É É ±¦¥ ¸µ£² ¸Ê¥É¸Ö ¸ ¤ ´´Ò³¨ Ë¨§¨Î¥¸±µ£µ µ¶ÒÉ 
(’Š… ∼ 225 ŒÔ‚). ‘·¥¤´¥¥ Î¨¸²µ ´¥°É·µ´µ¢ ´   ±É ¤¥²¥´¨Ö, µ¶·¥¤¥²¥´´µ¥
¨§ ¸µ¢¶ ¤¥´¨° ¸¨£´ ²µ¢ · §²¨Î´µ° ±· É´µ¸É¨ ¸ 3�¥-¸Î¥ÉÎ¨±µ¢, ¸µ¸É ¢²Ö¥É
ν ∼ 4,2 (·¨¸. 3). �¡  ¶ · ³¥É·  Å ¢Ò¸µ±µ¥ §´ Î¥´¨¥ ’Š… ¨ ¡µ²ÓÏ Ö ³´µ¦¥-
¸É¢¥´´µ¸ÉÓ ´¥°É·µ´µ¢ Å ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ ¤¥²¥´¨¨ ÉÖ¦¥²µ£µ Ö¤· . �É³¥É¨³,
ÎÉµ ¤²Ö ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö 248Cm ’Š… = 181 ŒÔ‚ ¨ ν = 3,14; ¤²Ö 252Cf
’Š… = 185 ŒÔ‚ ¨ ν = 3,75.

„¥¢ÖÉÒ° µ¶ÒÉ ¡Ò² ¶·µ¢¥¤¥´ ¢ É¥Ì ¦¥ Ê¸²µ¢¨ÖÌ ¨ ¶·¨ Éµ° ¦¥ Ô´¥·£¨¨
¶ÊÎ± , ÎÉµ ¨ ¢ ¶·¥¤Ò¤ÊÐ¨Ì ¢µ¸Ó³¨ ¸²ÊÎ ÖÌ, ´µ ¡¥§ Ì¨³¨Î¥¸±µ£µ · §¤¥²¥´¨Ö
¶·µ¤Ê±Éµ¢ ·¥ ±Í¨¨ 243Am + 48Ca. �±¸¶¥·¨³¥´É ¡Ò² ¶µ¸É ¢²¥´ ¸ Í¥²ÓÕ
µ¶·¥¤¥²¥´¨Ö Ëµ´  µÉ ¸¶µ´É ´´µ ¤¥²ÖÐ¨Ì¸Ö Ö¤¥· (¢ µ¸´µ¢´µ³ ¨§µÉµ¶µ¢ ± ²¨-
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�¨¸. 3. —¨¸²µ § ·¥£¨¸É·¨·µ¢ ´´ÒÌ 3�¥-¸Î¥ÉÎ¨± ³¨ ´¥°É·µ´µ¢ ´   ±É ¸¶µ´É ´´µ£µ
¤¥²¥´¨Ö (¡¥§ ÊÎ¥É  ÔËË¥±É¨¢´µ¸É¨ ¤¥É¥±Éµ· ). � Å µ¡· §ÍÒ 1Ä8; � Å Ô±¸¶¥·¨³¥´-
É ²Ó´µ ¨§³¥·¥´´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¤²Ö Éµ´±¨Ì ¨¸ÉµÎ´¨±µ¢ 252Cf; � Å Ô±¸¶¥·¨³¥´-
É ²Ó´µ ¨§³¥·¥´´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¤²Ö Éµ´±µ£µ ¨¸ÉµÎ´¨±  248Cm. ‹¨´¨¨ ¶·¨¢¥¤¥´Ò
¤²Ö ´ £²Ö¤´µ¸É¨, ¸É·¥²± ³¨ Ê± § ´Ò ³ ±¸¨³Ê³Ò · ¸¶·¥¤¥²¥´¨°. „ ´´Ò¥ ¤²Ö 248Cm ¨
252Cf ¶·¨¢¥¤¥´Ò ¢ ³ ¸ÏÉ ¡¥ 1:10000

Ëµ·´¨Ö), ¶µ¶ ¤ ÕÐ¨Ì ¢ ¸¡µ·´¨±. 	µ¸²¥ µ¡²ÊÎ¥´¨Ö ³¨Ï¥´¨ ¢ É¥Î¥´¨¥ 19 Î
(¶µÉµ± 48Ca-¨µ´µ¢ ¸µ¸É ¢¨² 2,9·1017) ¶µ¢¥·Ì´µ¸ÉÓ ¸¡µ·´¨±  ¡Ò²  µÎ¨Ð¥´  µÉ
243Am-¸µ¤¥·¦ Ð¨Ì  Ô·µ§µ²Ó´ÒÌ Î ¸É¨Í ¨ ¶²µÉ´µ ´ ±·ÒÉ  ² ¢¸ ´µ¢Ò³ É¢¥·-
¤µÉ¥²Ó´Ò³ ¤¥É¥±Éµ·µ³. ‚ ¶·µÍ¥¸¸¥ 72-¸ÊÉµÎ´µ° Ô±¸¶µ§¨Í¨¨ ¤¥É¥±Éµ·Ò § -
³¥´Ö²¨¸Ó Î¥·¥§ µ¶·¥¤¥²¥´´Ò¥ ¨´É¥·¢ ²Ò ¢·¥³¥´¨ ¨ ¶µ¤¢¥·£ ²¨¸Ó Ë¨§¨±µ-
Ì¨³¨Î¥¸±µ° µ¡· ¡µÉ±¥ ¤²Ö ¶·µÖ¢²¥´¨Ö ² É¥´É´ÒÌ É·¥±µ¢ µ¸±µ²±µ¢ ¸¶µ´É ´-
´µ£µ ¤¥²¥´¨Ö. ‚¸¥£µ § ·¥£¨¸É·¨·µ¢ ´µ 158 É·¥±µ¢, ¶·¨ ÔÉµ³ ¸±µ·µ¸ÉÓ ¸Î¥É 
¶· ±É¨Î¥¸±¨ ´¥ ³¥´Ö² ¸Ó ¨ ¸µ¸É ¢²Ö²  µ±µ²µ 2 ¸µ¡ÒÉ¨° ¢ ¸ÊÉ±¨.

	·¨ Ë ±Éµ·¥ · §¤¥²¥´¨Ö Ô²¥³¥´Éµ¢ 5-° £·Ê¶¶Ò ¨  ±É¨´µ¨¤µ¢, · ¢´µ³ ¨²¨
¶·¥¢ÒÏ ÕÐ¥³ 8 · 103, §  174 Î ¨§³¥·¥´¨° ¨§µÉµ¶Ò  ±É¨´µ¨¤µ¢, ¢ Éµ³ Î¨¸²¥
¨ 264Lr, ³µ£²¨ ¡Ò ¤ ÉÓ ´¥ ¡µ²¥¥ 0,02 ¸µ¡ÒÉ¨Ö ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö.

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¢ ´ Ï¥° ¶µ¸É ´µ¢±¥ µ¶ÒÉ  ¢Ò¤¥²ÖÕÉ¸Ö ¢³¥¸É¥ Ô²¥-
³¥´ÉÒ 5-° ¨ 4-° £·Ê¶¶. 	µÔÉµ³Ê ¨¸¶µ²Ó§Ê¥³Ò° ´ ³¨ ³¥Éµ¤ ¶·¨³¥´¨³ ± ¨§µÉµ-
¶ ³ ± ± 105-£µ, É ± ¨ 104-£µ Ô²¥³¥´Éµ¢ Å ±µ´¥Î´Ò³ ¶·µ¤Ê±É ³ · ¸¶ ¤  ³ -
É¥·¨´¸±¨Ì Ö¤¥· ¸ Z = 115 ¨ 114. �¤´ ±µ ´ ¡²Õ¤¥´¨¥ ¢ ´ Ï¥³ Ô±¸¶¥·¨³¥´É¥
¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö ¨§µÉµ¶µ¢ Rf ± ± ±µ´¥Î´ÒÌ ¶·µ¤Ê±Éµ¢ ¢ Í¥¶µÎ± Ì · ¸¶ ¤ 
¨§µÉµ¶µ¢ Ô²¥³¥´É  114 ¨¸±²ÕÎ¥´µ ± ± ¨§-§  ¶·¥´¥¡·¥¦¨³µ ³ ²µ£µ ¸¥Î¥´¨Ö
·¥ ±Í¨¨ 243Am(48Ca, pxn)290−x114 ¢ ¸· ¢´¥´¨¨ ¸ 243Am(48Ca, xn)291−x115,
É ± ¨ ¶µ ¶·¨Î¨´¥ ±µ·µÉ±¨Ì ¢·¥³¥´ ¦¨§´¨ ´Ê±²¨¤µ¢ (´¥¸±µ²Ó±µ ¸¥±Ê´¤) ¢
Í¥¶µÎ± Ì · ¸¶ ¤  ¨§µÉµ¶µ¢ Ô²¥³¥´É  114 [1Ä5]. 	µÔÉµ³Ê ¢¸¥ ¸µ¡ÒÉ¨Ö ¸¶µ´-
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É ´´µ£µ ¤¥²¥´¨Ö, § ·¥£¨¸É·¨·µ¢ ´´Ò¥ ¤¥É¥±Éµ· ³¨ ¢ ·¥ ±Í¨¨ 243Am + 48Ca,
¤µ²¦´Ò ¡ÒÉÓ µÉ´¥¸¥´Ò Éµ²Ó±µ ± Í¥¶µÎ±¥ · ¸¶ ¤  115-£µ Ô²¥³¥´É .

‚ É ¡². 2 ¶·¨¢¥¤¥´Ò ¤ ´´Ò¥ ¤¢ÊÌ Ô±¸¶¥·¨³¥´Éµ¢ ¶µ ¨§ÊÎ¥´¨Õ ¸¢µ°¸É¢
¨§µÉµ¶  105-£µ Ô²¥³¥´É , § ³Ò± ÕÐ¥£µ Í¥¶µÎ±Ê ¶µ¸²¥¤µ¢ É¥²Ó´ÒÌ α-· ¸¶ ¤µ¢
115-£µ Ô²¥³¥´É , µ¡· §ÊÕÐ¥£µ¸Ö ¢ ·¥ ±Í¨¨ 48Ca + 243Am.

	µ ¢ÒÌµ¤Ê ¸¶µ´É ´´µ ¤¥²ÖÐ¨Ì¸Ö Ö¤¥· ³µ¦´µ µ¶·¥¤¥²¨ÉÓ ¸¥Î¥´¨¥ µ¡· -
§µ¢ ´¨Ö ³ É¥·¨´¸±µ£µ Ö¤·  Å 115-£µ Ô²¥³¥´É  Å ¶·µ¤Ê±É  ¨¸¶ ·¥´¨Ö ·¥ ±-
Í¨¨ 48Ca + 243Am. 	µ ´ Ï¨³ ¤ ´´Ò³, ÔÉµ ¸¥Î¥´¨¥ ¸µ¸É ¢²Ö¥É µ±µ²µ 4 ¶¡
(4 · 10−36 ¸³2). �ÉµÉ ·¥§Ê²ÓÉ É ¸µ£² ¸Ê¥É¸Ö ¸ ¤ ´´Ò³¨, ¶µ²ÊÎ¥´´Ò³¨ ´  £ -
§µ´ ¶µ²´¥´´µ³ ¸¥¶ · Éµ·¥ (σ3n ∼ 3 ¶¡). ‘²¥¤Ê¥É µÉ³¥É¨ÉÓ É ±¦¥, ÎÉµ § 
¸Î¥É ¢Ò¸µ±µ° ÔËË¥±É¨¢´µ¸É¨ Ì¨³¨Î¥¸±µ£µ · §¤¥²¥´¨Ö ¶·µ¤Ê±Éµ¢ ·¥ ±Í¨¨ ¨
¢µ§³µ¦´µ¸É¨ ¨¸¶µ²Ó§µ¢ ´¨Ö µÉ´µ¸¨É¥²Ó´µ Éµ²¸ÉÒÌ ³¨Ï¥´´ÒÌ ¸²µ¥¢ ¢ÒÌµ¤

’ ¡²¨Í  2. �¥§Ê²ÓÉ ÉÒ ®Ë¨§¨Î¥¸±µ£µ¯ ¨ ®Ì¨³¨Î¥¸±µ£µ¯ Ô±¸¶¥·¨³¥´Éµ¢

®”¨§¨Î¥¸±¨°¯ ®•¨³¨Î¥¸±¨°¯
Ô±¸¶¥·¨³¥´É Ô±¸¶¥·¨³¥´É

Œ¥Éµ¤ ¢Ò¤¥²¥´¨Ö Š¨´¥³ É¨Î¥¸±¨° � ¤¨µÌ¨³¨Î¥¸±µ¥
¸¥¶ · Éµ· · §¤¥²¥´¨¥

�ËË¥±É¨¢´µ¸ÉÓ ¸¡µ· 
Ö¤¥· µÉ¤ Î¨,% 35 80

�¥£¨¸É· Í¨Ö –¥¶µÎ±¨ · ¸¶ ¤µ¢
Ö¤¥· ¸ Z = 115 SF Ö¤¥· ¸ Z = 105

�´¥·£¨Ö ¶ÊÎ±  ¨µ´µ¢ 48Ca
´  ¸¥·¥¤¨´¥ ¸²µÖ ³¨Ï¥´¨, ŒÔ‚ 246 247

‘Ê³³ ·´ Ö ¤µ§  ¶ÊÎ± 
¨µ´µ¢ 48Ca 4,5 · 1018 3,4 · 1018

’µ²Ð¨´  ¸²µÖ
243Am-³¨Ï¥´¨, ³£/¸³2 0,36 1,2

—¨¸²µ ¸µ¡ÒÉ¨° ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö,
§ ·¥£¨¸É·¨·µ¢ ´´ÒÌ ¤¥É¥±Éµ· ³¨ 3 15

‘¥Î¥´¨¥ µ¡· §µ¢ ´¨Ö
Ö¤¥· (Z = 115), ¶¡ 2,7+4,8

−1,6 4,2+1,6
−1,2

	¥·¨µ¤ ¶µ²Ê· ¸¶ ¤ , Î 16+19
−6 32+11

−7

	µ²´ Ö ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö
µ¸±µ²±µ¢ ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö, ŒÔ‚ ∼ 225 ∼ 235

‘·¥¤´¥¥ Î¨¸²µ ´¥°É·µ´µ¢
´   ±É ¤¥²¥´¨Ö Å 4,2

‘¶µ¸µ¡ ¨¤¥´É¨Ë¨± Í¨¨ SF-Ö¤¥· ˆ§³¥·¥´¨¥ ËÊ´±Í¨° ‚Ò¤¥²¥´¨¥ Ô²¥³¥´Éµ¢
¢ ·¥ ±Í¨¨ 48Ca + 243Am ¢µ§¡Ê¦¤¥´¨Ö (Z = 115) 5-° £·Ê¶¶Ò (Z = 105)
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¨§µÉµ¶µ¢ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éµ¢ ¢ ¤ ´´µ° ¶µ¸É ´µ¢±¥ µ¶ÒÉ  ¶·¨³¥·´µ ¢
5 · § ¢ÒÏ¥, Î¥³ ´  ±¨´¥³ É¨Î¥¸±¨Ì ¸¥¶ · Éµ· Ì.

‚›‚�„›

‚¶¥·¢Ò¥ ¶·µ¢¥¤¥´  Ì¨³¨Î¥¸± Ö ¨¤¥´É¨Ë¨± Í¨Ö Db ± ± ±µ´¥Î´µ£µ ¶·µ-
¤Ê±É  · ¸¶ ¤  Ô²¥³¥´É  115, ¸¨´É¥§¨·µ¢ ´´µ£µ ¢ ·¥ ±Í¨¨ 243Am + 48Ca.

‘µ¢µ±Ê¶´µ¸ÉÓ ¶µ²ÊÎ¥´´ÒÌ ¢ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ ¤ ´´ÒÌ ¶µ¤É¢¥·¦¤ ¥É, ÎÉµ
´ ¡²Õ¤ ¥³µ¥ ¢ Ô±¸¶¥·¨³¥´É Ì [6] ¸¶µ´É ´´µ¥ ¤¥²¥´¨¥ µ¡Ê¸²µ¢²¥´µ · ¸¶ ¤µ³
Ô²¥³¥´É  ¸  Éµ³´Ò³ ´µ³¥·µ³ Z = 105.

‘¢µ°¸É¢  ¨§µÉµ¶  268Db, ¶µ²ÊÎ¥´´µ£µ ¢ Í¥¶µÎ±¥ · ¸¶ ¤  115-£µ Ô²¥³¥´É 
¸ ¶µ³µÐÓÕ £ §µ´ ¶µ²´¥´´µ£µ ¸¥¶ · Éµ·  Ö¤¥· µÉ¤ Î¨, ¸µ£² ¸ÊÕÉ¸Ö ¶µ ¢¸¥³
¨§³¥·Ö¥³Ò³ ¶ · ³¥É· ³ ¸ ¤ ´´Ò³¨ Ì¨³¨Î¥¸±µ£µ µ¶ÒÉ , µ¶·¥¤¥²ÖÕÐ¥£µ ¥£µ
 Éµ³´Ò° ´µ³¥·.

–¥¶µÎ±  · ¸¶ ¤  Ô²¥³¥´É  115, ¸¨´É¥§¨·µ¢ ´´µ£µ ¢ ·¥ ±Í¨¨ 243Am +
48Ca, ¸µ¸Éµ¨É ¨§ 5 ¶µ¸²¥¤µ¢ É¥²Ó´ÒÌ α-¶¥·¥Ìµ¤µ¢ ¸ µ¡· §µ¢ ´¨¥³ ¤µ²£µ¦¨-
¢ÊÐ¥£µ Ö¤·  Ô²¥³¥´É  105, ¢¥¤ÊÐ¥£µ ± ¸¶µ´É ´´µ³Ê ¤¥²¥´¨Õ. ƒ¨¶µÉ¥§  µ ¢µ§-
³µ¦´µ³ α-· ¸¶ ¤¥ Ö¤·  Db ¶µ²´µ¸ÉÓÕ ¨¸±²ÕÎ ¥É¸Ö Ê¸²µ¢¨Ö³¨ Ì¨³¨Î¥¸±µ£µ
· §¤¥²¥´¨Ö ¶·µ¤Ê±Éµ¢ ·¥ ±Í¨¨ ¢ ¤ ´´µ³ Ô±¸¶¥·¨³¥´É¥.

’ ±¨³ µ¡· §µ³, ¤ ´´Ò¥ ´ ¸ÉµÖÐ¥£µ Ô±¸¶¥·¨³¥´É  Ö¢²ÖÕÉ¸Ö ´¥§ ¢¨¸¨³Ò³
¤µ± § É¥²Ó¸É¢µ³ ¸¨´É¥§  115-£µ, · ¢´µ ± ± ¨ 113-£µ, Ô²¥³¥´É  ¢ ·¥ ±Í¨¨
48Ca + 243Am.

�² £µ¤ ·´µ¸É¨. �¢Éµ·Ò ¡² £µ¤ ·´Ò ±µ²²¥±É¨¢Ê Ê¸±µ·¨É¥²Ö “-400 ‹Ÿ�,
·Ê±µ¢µ¤¨³µ³Ê ƒ. ƒ. ƒÊ²Ó¡¥±Ö´µ³, �. �. ƒ¨± ²µ³ ¨ ‘. ‹. �µ£µ³µ²µ¢Ò³, §  ¶µ²Ê-
Î¥´¨¥ ¢Ò¸µ±µ¨´É¥´¸¨¢´ÒÌ ¨ ¸É ¡¨²Ó´ÒÌ ¶ÊÎ±µ¢ 48Ca. ŒÒ ¢Ò· ¦ ¥³ ¸¢µÕ
¡² £µ¤ ·´µ¸ÉÓ Œ. ƒ. ‚µ·µ´Õ±, „. �. Š¨³Ê, �. ‚. 	¥É·ÊÏ±¨´Ê, „. �. � ¸¸ ¤µ¢Ê,
’. ‚. ˜¨Ï±¨´µ°, ƒ. ‚. �Ê±² ´µ¢Ê, �. ”. �µ¢£µ·µ¤µ¢Ê §  ¶µ³µÐÓ ¢ ¶·µ¢¥¤¥´¨¨
· ¤¨µÌ¨³¨Î¥¸±¨Ì · §¤¥²¥´¨°, �. �. ‚µ¨´µ¢Ê, ˆ. ‚. ˜¨·µ±µ¢¸±µ³Ê, �. �. Œ -
²ÒÏ¥¢Ê, ‚. �. ƒµ·Ï±µ¢Ê, ‘. 	. ’·¥ÉÓÖ±µ¢µ° §  ¶µ³µÐÓ ¢ ¶·µ¢¥¤¥´¨¨ µ¡²ÊÎ¥-
´¨° ¨ ¤²¨É¥²Ó´ÒÌ ¨§³¥·¥´¨°.

�¢Éµ·Ò ¶·¨§´ É¥²Ó´Ò Ÿ. Š. ƒµ·¤¥¥¢Ê ¨ ¤·Ê£¨³ ±µ²²¥£ ³ ¨§ �ˆˆ��
(„¨³¨É·µ¢£· ¤) §  µ¡¥¸¶¥Î¥´¨¥ Ô±¸¶¥·¨³¥´É  ¢Ò¸µ±µµ¡µ£ Ð¥´´Ò³ ¨§µÉµ¶µ³
243�m.

� ¡µÉ  ¢Ò¶µ²´¥´  ¶·¨ ¶µ¤¤¥·¦±¥ �””ˆ (£· ´ÉÒ º 04-03-32047 ¨
04-02-17186), � Í¨µ´ ²Ó´µ£µ Ëµ´¤  ´ Ê±¨ ˜¢¥°Í ·¨¨, „¥¶ ·É ³¥´É  Ô´¥·-
£¨¨ ‘˜� (U. S. DOE, ±µ´É· ±É No. W-7405-Eng-48).
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